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INTRODUCTION 

Cornstalks  are  sometimes  stored  for  winter  feed  over  practically 
all  of  the  area  infested  by  the  European  corn  borer  (Pyrausta  nubilalis 
Hbn.).  Many  farmers  leave  shocks  of  stalks  in  the  barnyard  and 
feed  them  as  needed  during  the  winter  months,  whereas  others  keep 
the  stalks  in  barns  or  other  shelters.  Stalks  remaining  in  barnyards 
in  the  spriug  are  usually  either  burned,  plowed  under,  or  otherwise 
destroyed,  but  it  has  been  found  that  the  left-over  stalks  in  shelters 
are  often  allowed  to  stay  there  until  such  time  as  the  farmer  can 
conveniently  dispose  of  them.  He  may  have  time  to  do  this  in 
April  or  May,  following  the  fall  in  which  they  were  harvested,  in 
which  case  the  dauger  of  reinfestation  is  eliminated,  as  the  moths 
will  not  have  emerged.  If  the  disposal  of  these  stalks  be  deferred 
until  later  the  emerging  moths  may  infest  the  new  crop  of  corn. 

Since  it  is  known  definitely  that  prolonged  storage  in  dry  locations 
will  kill  large  numbers  of  corn-borer  larvae,  it  has  been  suggested  that 
conditions  in  the  average  farm  building  may  be  so  unfavorable  as  to 
kill  practically  all  of  the  larvae  in  material  stored  therein.2  In  fact, 
many  people  have  assumed  that  this  is  the  case,  and  some  have 
insisted  that  the  danger  of  reinfestation  from  this  source  is  negligible. 
For  definite  information  on  this  point  the  United  States  Department 
of  Agriculture,  at  its  Silver  Creek,  N.Y.,  and  Sandusky,  Ohio,  field 
laboratories,  has  conducted  simple  experiments  with  infested  corn- 
stalks stored  in  several  types  of  shelters  for  various  lengths  of  time. 
The  experiments  were  started  in  1926  and  continued  through  1930, 
when  it  appeared  that  sufficient  evidence  on  the  effect  of  such  condi- 
tions on  the  emergence  of  corn-borer  moths  had  been  obtained. 

1  The  work  at  Silver  Creek,  N.Y.,  was  under  the  supervision  of  L.  B.  Scott  and  that  at  Sandusky,  Ohio, 
under  the  supervision  of  L.  H.  Patch. 

2  Jablonowski,  J.  the  European  coen  borer  and  its  control  in  Hungary.  (Unpublished  manu- 
script).   [Mimeographed  abstract  by  W.  R.  Walton  and  J.  S.  Wade,  24  p.,  n.d.] 

Caffrey,  D.  J.,  and  Worthley,  L.  H.  a  progress  report  on  the  investigations  of  the  European 
corn  borer.    U.S.  Dept.  Agr.  Bui.  1476, 155  p.,  illus.    1927. 

Huber,  L.  L.,  Neiswander,  C  R.,  and  Salter,  R.  M.  the  European  corn  borer  and  its  environ- 
ment.   Ohio  Agr.  Expt.  Sta.  Bui.  429:  70.     1928. 

178680°— 33 


2  CIRCULAR    281,  U.S.  DEPARTMENT    OF   AGRICULTURE 

EXPERIMENTS    AT    SILVER    CREEK,    N.Y. 

The  work  at  Silver  Creek  consisted  of  storing  samples  of  stalks  in 
the  loft  of  a  barn  having  a  sound  roof  and  which  was  constructed 
well  enough  to  exclude  rain  and  snow,  although  cracks  and  knot  holes 
in  the  sides  of  rough  matched  lumber  allowed  air  to  enter.  For  pro- 
tection from  rats  and  mice  each  sample  lot  was  placed  in  a  screen 
cage  approximately  6  feet  long,  3  feet  deep,  and  2  feet  wide,  one  side 
being  removable  to  allow  easy  access.  The  4  sides  and  2  ends  of  each 
cage  were  covered  with  14-mesh  screening,  thus  allowing  free  move- 
ment of  air  through  the  stored  material  but  preventing  the  escape  of 
moths.  Each  cage  was  filled  with  cornstalks,  regardless  of  the  degree 
of  infestation  in  them.  This  experiment  was  started  during  the 
winter  of  1926-27  and  repeated  during  the  three  following  winters. 

In  addition  to  the  storage  of  stalks  in  the  barn  loft,  an  experiment 
was  started  during  the  winter  of  1927-28  to  determine  the  mortality 
of  larvae  infesting  stalks  stored  in  an  open  building.  This  building, 
an  insectary,  was  approximately  12  feet  square.  The  roof  was 
covered  with  moisture-proof  roofing  paper,  but  the  sides  were  of 
14-mesh  copper  screening  which  allowed  rain,  when  accompanied  by 
wind,  to  reach  the  stored  material  in  the  form  of  a  fine  mist.  At 
times,  snow  also  was  driven  in  by  wind,  and  the  infested  material 
was  often  moistened  by  rain  or  snow  which  came  through  the  screen- 
ing, but  was  never  drenched  with  water.  The  insectary  could  not  be 
compared  with  any  particular  type  of  farm  building,  but  the  condi- 
tions in  it  were  quite  similar  to  those  prevailing  in  carriage  sheds, 
poorly  constructed  barns,  open  chicken  nouses,  and  corncribs. 

Table  1  shows  the  dates  on  which  the  stalks  were  stored  in  the  barn 
loft  during  the  4-year  period  of  the  experiment.  The  stalks  were 
stored  in  the  insectary  building  on  the  first  day  of  January,  February, 
and  March,  from  1928  to  1930,  inclusive.  To  determine  the  number 
of  moths  that  had  emerged  and  the  condition  of  the  larvae,  the 
different  lots  of  stalks  were  dissected  in  December  or  January  of  the 
winter  following  that  in  which  they  were  placed  in  storage.  The 
percentages  of  larvae  found,  either  living  or  dead,  or  that  had  emerged 
as  moths  prior  to  the  dissection  of  the  stalks,  are  given  in  table  1. 
For  each  of  the  dates  of  storage  the  data  cover  all  the  stalks  that  had 
been  placed  in  storage  on  that  particular  date  during  the  several  years 
of  the  experiment. 

It  will  be  seen  from  table  1  that  the  date  the  stalks  were  placed 
in  storage  in  either  the  barn  or  the  insectary  building  made  no  signif- 
icant difference  in  the  number  of  the  larvae  that  were  able  to  com- 
plete their  development  to  the  moth  stage. 

Considerable  variation  was  noted  in  the  percentages  of  larvae 
emerging  as  moths  from  the  stored  material  during  the  different  years 
of  the  experiment.  On  referring  to  table  2  it  will  be  noted  that  the 
percentage  of  larvae  emerging  as  moths  from  the  stalks  stored  in  the 
barn  ranged  from  5.3  to  12.5,  and  from  the  stalks  stored  in  the  in- 
sectary building  from  29.9  to  81.2.  The  greater  emergence  in  the 
insectary  building  was  undoubtedly  due  to  the  additional  moisture 
coming  through  the  screen.  Variations  in  the  quantity  of  moisture 
in  the  stalks  at  the  time  of  storage  probably  caused  the  emergence 
to  be  greater  in  some  years  than  in  others. 
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Table  1. —  The  mortality  of  larvae  of  the  European  corn  borer  in  cornstalks,  accord- 
ing to  the  date  of  storage  in  a  barn  and  in  an  insectary  building  at  Silver  Creek, 
N.Y.,  1926  to  1930,  inclusive 

IN  BARN 


Number 
of  years 
experi- 
ment was 
begun  on 
this  date 

Total 
larvae 

in 
samples 

Condition  of  insects  after  9  to  13  months 
of  hibernation  in  stored  stalks 

Date  placed  in  storage 

Living 
larvae 

Dead 
larvae 

Dead 
pupae 

Emerged 
moths 

Dec.  1    -. .- - 

3 
4 
3 
4 

Number 
574 
388 
184 
391 

Percent 
1.7 
7.0 
7.1 
4.9 

Percent 
91.0 
85.3 
82.1 
86.5 

Percent 

0.3 

1.0 

.5 

1.8 

Percent 
7.0 

6.7 

Feb.  1    - 

10.3 

Mar.  1                 --- 

6.8 

IN  INSECTARY 


3 
3 
3 

281 
191 
371 

4.6 
2.1 

5.1 

27.4 
26.7 
30.2 

2.5 
2.6 
1.3 

65.5 

Feb.  1 -. 

68.6 

Mar.  1               - 

63.4 

Table  2. — Mortality  by  years  of  larvae  of  the  European  corn  borer  in  cornstalks 
after  9  to  13  months'  storage  in  a  barn  and  in  an  insectary  building  at  Silver  Creek, 
N.Y.,  1926  to  1930,  inclusive 


In  barn 

In  insectary 

Winter  of 

Total 
larvae 

in 
samples 

Propor- 
tion 
emerging 
as  moths 

Total 
larvae 

in 
samples 

Propor- 
tion 
emerging 
as  moths 

1926-27                                  - 

Number 
611 
168 
453 
305 

Percent 
6.7 
12.5 
5.3 
8.5 

Number 

Percent 

1927-28 

179 
517 
147 

47.5 

1928-29.. 

81.2 

1929-30 

29.9 

Percent  emerging 

7.3 

65.1 

The  experiments  showed  very  clearly  that  many  larvae  perished 
while  stored  in  the  buildings,  but  this  should  be  compared  with  the 
number  that  would  have  died  had  they  been  left  in  the  field  under 
natural  conditions.  This  information  was  obtained  by  making 
weekly  observations  of  larvae  in  nearby  fields  of  corn  stubble  and 
standing  stalks.  Since  the  stubble,  which  averaged  6  inches  in  height, 
received  more  snow  protection  than  standing  stalks,  it  was  thought 
that  larval  mortality  there  might  be  less  than  in  standing  stalks,  but 
the  evidence  obtained  did  not  show  that  snow  offered  enough  protec- 
tion to  decrease  the  larval  mortality.  During  the  3-year  period  in 
which  observations  were  made  a  total  of  6,487  larvae  were  dissected 
from  standing  stalks,  and  195,  or  3  percent,  were  dead.  Of  the  4,085 
larvae  dissected  from  stubble,  3.4  percent  were  dead.  Practically  all 
of  the  mortality  occurred  prior  to  April  15.  It  was  apparent  that  in 
the  storage  experiments  all  mortality  above  3.5  percent  was  a  result 
of  unfavorable  conditions  existing  in  the  shelters. 
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EXPERIMENTS  AT    SANDUSKY,  OHIO 

The  location  selected  for  another  experiment  was  the  earthen  floor 
of  a  barn  near  Sandusky,  Ohio.  The  barn  was  so  constructed  as  to 
exclude  all  rain  and  snow,  and  the  floor  was  well  drained  but  slightly 
moist.  The  infested  stalks  were  placed  upright  in  cages  which  rested 
on  blocks  of  wood  4  inches  thick,  so  that  direct  contact  of  the  stalks 
with  the  damp  earth  was  avoided. 

Four  lots  of  infested  material  were  used  in  conducting  the  1926-27 
experiments.  These  were  placed  in  storage  on  November  15  and 
December  30,  1926,  and  January  15  and  March  15,  1927,  respectively. 
Each  lot  of  infested  material  was  gathered  from  the  field  on  the  day 
it  was  to  be  placed  in  storage.  Table  3  shows  the  percentages  of 
moths  emerging  within  2-week  periods  during  the  following  summer, 
based  on  the  total  number  of  borers  in  the  stalks  in  each  cage. 

Table  3. — The  emergence  of  moths  from  larvae  of  the  European  corn  borer  when 
the  infested  stalks  were  stored  in  a  barn  over  an  earthen  floor,  Sandusky,  Ohio, 
1926-27 


Time  of  emergence 

Percentage  emergence  of  moths  from  larvae  placed 
in  storage  on  dates  indicated 

Nov.  15, 
1926  (74 
larvae) 

Dec.  30, 
1926  (94 
larvae) 

Jan.  15, 
1927  (120 
larvae) 

Mar.  15, 
1927  (166 
larvae) 

Total 

(454 

larvae) 

1927 
July  15-31 

Pereent 
5.4 
12.2 
9.5 
2.7 
8.1 

Percent 
14.9 
11.7 

7.4 

0 

3.2 

Percent 
7.5 

14.2 
7.5 
1.7 

15.0 

Percent 
10.4 
12.4 
3.6 
3.6 
7.4 

Percent 
9.8 

Aug.  1-14    

12.6 

Aug.  15-31.. ...  .  .             

6.4 

Sept.  1-14..   . 

2.2 

8.7 

Total  emergence ... ... 

37.9 

37.2 

45.9 

37.4 

39.7 

10.8 
51.3 

18.2 
44.6 

10.8 
43.3 

14.1 
48.5 

13.5 

46.8 

Approximately  40  percent  of  all  the  larvae  in  the  experiment  pro- 
duced adults  by  September  15,  of  which  slightly  more  than  one  half 
emerged  prior  to  August  15.  The  large  percentage  of  emergence  as 
compared  with  the  emergence  from  stalks  stored  in  the  loft  of  a  barn 
was  probably  a  result  of  the  dampness  emanating  from  the  earthen 
floor.  It  is  very  probable  that  many  of  the  moths  that  emerged 
after  August  15  could  not  have  deposited  eggs  in  time  to  infest  the 
growing  crop  of  corn.  Evidence  obtained  from  an  experiment  con- 
ducted the  previous  year,  however,  indicated  very  clearly  that  moths 
emerging  as  late  as  August  13,  1926,  deposited  eggs  on  corn  in  time 
to  produce  full-grown  larvae.  It  is  then  safe  to  assume  that  all 
adults  in  this  experiment  that  emerged  prior  to  August  15  were 
capable  of  infesting  the  1927  crop  of  corn. 

Of  all  the  individuals  in  the  experiment,  13.5  percent  were  alive  as 
larvae  or  pupae  on  September  26.  These  could  not  have  produced 
moths  in  time  to  infest  the  1927  crop  of  corn.  The  mortality  in  the 
entire  experiment  up  to  September  26  amounted  to  approximately 
47  percent.  The  time  of  placing  the  infested  material  in  storage  had 
no  apparent  effect  upon  the  contained  larvae,  those  placed  in  storage 
on  March  15  dying  in  about  as  large  numbers  as  those  placed  in 
storage  on  November  15,  of  the  previous  year. 
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Four  locations  were  selected  as  storage  points  for  the  work  con- 
ducted in  1927-28.  These  represented  four  differing  sets  of  condi- 
tions as  follows:  Warm  and  dry,  cold  and  dry,  warm  and  moist,  and 
cold  and  moist.  The  mean  temperature  and  relative  humidity  of 
the  air  at  each  location  were  determined  from  the  records  taken  from 
a  hygro thermograph. 

The  warm  and  dry  location  was  a  room  having  a  mean  temperature 
of  67.2°  F.  and  a  mean  humidity  of  51.1  percent  during  the  period  of 
the  experiment.     The  stalks  were  placed  in  storage  on  November  15, 

1927,  and  January  15  and  March  15,  1928,  but  none  of  the  385  borers 
in  them  emerged,  the  warm  and  dry  condition  of  the  stalks  causing  a 
complete  kill. 

The  cold  and  dry  location  was  a  room  having  a  mean  temperature 
of  51.2°  F.  and  a  mean  humidity  of  70.6  percent  during  the  period  of 
the  experiment.  The  window  of  the  room  was  kept  partly  open, 
simulating  the  conditions  that  would  prevail  in  the  loft  of  a  ventilated 
barn.  The  moth  emergence  averaged  2  percent  from  the  212  borers 
in  the  stalks  placed  in  storage  on  November  15,  1927,  and  January  15, 

1928.  From  the  stalks  placed  in  storage  on  March  15,  1928,  15.2 
percent  of  the  92  borers  emerged  as  moths  during  the  first  2  weeks  of 
July. 

The  warm  and  moist  location  was  a  room  closet  having  a  mean 
temperature  of  67.2°  F.  and  a  mean  humidity  of  87  percent  during  the 
period  of  the  experiment.  The  moth  emergence  averaged  17.4  per- 
cent from  270  borers  in  the  stalks  placed  in  storage  on  November  15, 
1927,  and  January  15  and  March  15,  1928,  with  slight  variation  from 
the  mean  emergence  for  the  different  lots  of  stalks.  Most  of  the  emer- 
gence from  the  November  and  January  lots  was  premature  because  of 
the  warm  and  damp  conditions  in  the  closet. 

The  cold  and  moist  location  was  a  small  shed,  10  feet  long,  6  feet 
deep,  and  7  feet  high,  constructed  in  an  open  field.  An  open  sid  >  of 
the  shed  faced  northeast,  thus  avoiding  the  full  force  of  the  storms 
which  are  usually  from  the  southwest.  The  roof,  back,  and  two  ends 
were  so  constructed  as  to  exclude  all  rain  and  snow.  The  important 
difference  between  this  and  the  cold  and  dry  location  was  the  partial 
exposure  to  the  direct  contact  of  rain  and  snow  which  blew  in  through 
the  open  side.  These  conditions  would  prevail  in  the  open-shed  type 
of  structure  on  many  farms.  The  average  temperature  in  the  shed 
was  38.4°  F.  and  the  average  relative  humidity  was  69.8  percent.  The 
moth  emergence  averaged  56.2  percent  from  the  417  borers  placed  in 
storage  on  November  15,  1927,  and  January  15  and  March  15,  1928, 
with  slight  variations  from  the  mean  emergence  for  the  different  lots 
of  stalks.  The  increased  emergence  compared  with  that  of  the  other 
locations  was  undoubtedly  due  to  the  direct  wetting  which  the  stalks 
received  through  the  open  side  of  the  shed  from  the  northeast  storms. 
Of  the  total  emergence,  94  percent  occurred  before  the  middle 
of  August,  thus  insuring  the  possibility  of  reinfestation  from  the 
emerging  moths. 

SUMMARY  AND  CONCLUSIONS 

Investigations  were  conducted  to  determine  whether  or  not  larvae 
of  the  European  corn  borer  are  able  to  survive  the  winter  in  various 
types  of  farm  buildings  used  for  the  storage  of  dry  cornstalks.  The 
situations  selected  for  the  tests  were  the  loft  of  a  well-built  farm  barn 
and  an  insectary  building  at  Silver  Creek,  N.Y.,  and  over  the  earthen 
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floor  of  a  barn,  an  open  shed,  and  three  locations  in  a  house,  represent- 
ing different  conditions  of  temperature  and  moisture,  at  Sandusky 
Ohio. 

As  to  the  storage  under  dry  conditions,  no  moth  emergence  occurred 
from  the  stalks  stored  in  the  warm  and  dry  room  of  a  house.  Two 
percent  of  the  borers  in  stalks  placed  in  the  dry-cold  room  in  Novem- 
ber and  January  emerged  as  moths,  but  from  stalks  put  there  in 
March  15.2  percent  emerged.  The  mean  emergence  of  moths  from 
the  borers  in  the  stalks  stored  in  the  dry  barn  loft  over  a  period  of  4 
years  was  7.3  percent.  The  percentages  of  emergence  for  the  differ- 
ent years  were  6.7,  12.5,  5.3,  and  8.5,  respectively. 

The  mean  emergence  of  moths  from  the  borers  in  the  stalks  stored 
over  the  damp  earthen  floor  of  the  barn,  but  with  no  stalks  in  contact 
with  the  earth,  was  39.7  percent.  The  mean  emergence  of  moths 
from  the  borers  in  the  stalks  stored  in  the  insectary  building  was  65 
percent;  the  percentages  of  emergence  for  the  3  years  being  47.5, 
81.2,  and  29.9,  respectively.  The  mean  emergence  of  moths  from 
the  borers  in  the  stalks  stored  in  the  open  shed  was  56.2  percent. 

Practically  no  difference  was  noted  in  the  percentage  of  moth  emer- 
gence from  the  stalks  stored  in  late  fall,  early  winter,  and  early  March, 
except  in  the  case  of  those  in  the  cold  and  dry  room. 

About  50  percent  of  the  moths  emerging  from  the  stalks  stored  on 
the  earthen  floor  of  the  barn  and  94  percent  of  the  moths  emerging 
from  the  stalks  stored  in  the  open  shed  emerged  before  August  15, 
and  would  probably  have  given  rise  to  another  generation  of  borers. 

From  the  preceding  statements  it  is  seen  that  the  importance  of 
stored  stalks  as  a  source  of  borer  reinfestation  depends  upon  the 
quantity  of  moisture  reaching  the  infested  stalks.  About  97  percent 
of  the  borers  in  the  stalks  and  stubble  in  the  fields  emerged  as  moths 
during  the  period  of  the  experiment,  representing  a  normal  emergence. 
The  fact  that  the  percentage  of  emergence  increased  from  7.3,  when  the 
stalks  were  in  a  dry  barn  loft,  to  40  when  the  stalks  were  subjected 
to  the  damp  air  emanating  from  the  earthen  floor  of  a  barn,  shows 
the  great  effect  moisture  has  upon  the  emergence  of  the  moths. 

The  information  obtained  from  these  investigations  showed  very 
clearly  that  infested  cornstalks  should  be  removed,  prior  to  the 
beginning  of  moth  emergence,  from  all  types  of  shelters  except  those 
in  which  temperature  and  moisture  conditions  are  similar  to  those 
obtaining  in  the  loft  of  a  very  dry  barn.  In  view  of  the  comparatively 
small  number  of  moths  that  emerged  from  the  material  stored  in  the 
dry  barn,  the  authors  do  not  feel  justified  in  recommending  that  all 
infested  material  be  removed  from  such  buildings  and  destroyed,  but 
it  is  very  strongly  recommended  that  infested  material  which  orig- 
inally contained  heavy  infestations  be  removed  and  destroyed  prior 
to  May  15. 
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